The tryptophan residues of aspartate transcarbamylase: site-directed mutagenesis and time-resolved fluorescence spectroscopy.
Aspartate transcarbamylase (EC 2.1.3.2) contains two tryptophan residues in position 209 and 284 of the catalytic chains (c) and no such chromophore in the regulatory chains (r). Thus, as a dodecamer [(c3)2(r2)3] the native enzyme molecule contains 12 tryptophan residues. The present study of the regulatory conformational changes in this enzyme is based on the fluorescence properties of these intrinsic probes. Site-directed mutagenesis was used in order to differentiate the respective contributions of the two tryptophans to the fluorescence properties of the enzyme and to identify the mobility of their environment in the course of the different regulatory processes. Each of these tryptophan residues gives two independent fluorescence decays, suggesting that the catalytic subunit exists in two slightly different conformational states. The binding of the substrate analog N-phosphonacetyl-L-aspartate promotes the same fluorescence signal whether or not the catalytic subunits are associated with the regulatory subunits, suggesting that the substrate-induced conformational change of the catalytic subunit is the essential trigger for the quaternary structure transition involved in cooperativity. The binding of the substrate analog affects mostly the environment of tryptophan 284, while the binding of the activator ATP affects mostly the environment of tryptophan 209, confirming that this activator acts through a mechanism different from that involved in homotropic cooperativity.